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@ Optical communication apparatus. 

(g) An optical communication apparatus which comprises a 
printed circuit board, plural circuit elements fixed to the printed 
circuit board, the circuit elements having terminals extended to 
the printed circuit board, a photosensitive glass base fixed to 
the printed circuit board, various optical components accurr 
ately fixed to the glass base, the optical elements respectively 
having plural leads, and coiresponding conductive members for 
electrically connecting the terminals of the circuit elements and 
the corresponding leads of the optical components, the 
conductive members each having a rigidity smaller than the 
rigidity of the con^esponding leads of the optical components. 
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OPTICAL COMMUNICATION APPARATUS 



This invention relates to optical communication 
apparatus, and more particularly to optical communi- 
cati'on apparatus having a base to which optoelec- 5 
tronic elements are accurately fixed. 

Optical communication systems using optical 
fibers have been Increasingly applied to wider fields. 
According to such circumstances, the optical circuit 
components for use in such an optical communica- 10 
tion system are required to be compact in size and 
low in production cost. For example, a wavelength 
division multi/demultiplexer module is generally 
used for a wavelength multiplex transmission sys- 
tem. Such module Incorporates optoelectronic ele- 15 
ments, such as semiconductor lasers, light emitting 
diodes and photodiodes. and a wavelength division 
multi/demultiplexer provided with multilayered films 
and optical fibers. These components are united and 
accurately fixed to a base made of glass or ceramic. 20 
The thus constituted module can achieve compact- 
ness and lower production cost, as compared to 
discrete configuration. 

Figures 7a and 7b of the accompanying drawings 
show a conventional optical wave synthesizer/ana- 25 
lyzer module. In Figure 7a, the module incorporates 
a ligfit-emitting diode (LED) 51. a photo-diode 52. an 
optical fiber 53. and an optical wave synthesizer/ana- 
lyzer prism 56 having dielectric film-multilayered 
filters 55 adhering thereto. Further, the module 30 
incorporates optical lenses 54a. 54b and 54c. All the 
elements are accurately fixed by soldering to a 
ceramic base 57 which, in turn, is disposed on a 
printed circuit board 62. Further, a LED driver circuit 
element 63 and a signal processing circuit element 3S 
64 are disposed on the printed circuit board 62 In the 
vicinity of the base 57. The respective terminals (not 
shown) of the circuit elements 63 and 64 are 
connected through printed lines to electrode pads 
61a, 61b. 61c and 61d formed on the printed circuit 40 
board 62. The leads 58a and 58b of the LED 51 and 
the leads 59a and 59b of the photodiode 52 are, 
respectively, connected by soldering to the elec- 
trode pads 61a, 61b. 61c and 61d. 

in this configuration, the leads 58a and 58b of the 45 
LED 51 and the leads 59a and 59b of the photodiode 
52 are directly connected by soldering to the 
electrode pads 61a and 61b and the electrode pads 
61c and 61 d. respectively. Thus, during the making 
of the connections, external forces act on the LED 50 
51 and the photodiode 52. As a result, the 
prescribed positional relationship between the opti- 
cal components are inevitably changed due to the 
plastic deformation of the solder used for connec- 
tion. Further, thermal stress occurs in the solder due 55 
to the difference of the thermal expansion coefficient 
between the base 57 and the printed circuit board 
62. Such thermal stress accelerates the creep of the 
solder and causes a shift in the positional relation- 
ship between the optical components. As a result, 60 
the rellablility of the conventional optical module is 
significantly deteriorated. 

In the above-mentioned configuration, the optical 



wave synthesizer/analyzer module is accurately 
fixed to the fiat base. However, there has been 
disclosed another technique in which optical com- 
ponents are accurately positioned at prescribed 
positions on the surface of a photosensitive glass 
base. Figure 8 shows a conventional circuit compo- 
nent A photosensitive glass base 69 has prescribed 
grooves 65 to 68 formed In It by accurate etching 
processes. Elements 52. 53 and 54 and a wavelength 
division multi/demultiplexer prism 55 are positioned 
In the grooves 65, 66, 67 and 68. respectively, and 
the accurately fixed to the base 69 by means of 
soldering. The element 52 Incorporates a combina- 
tion of optical fibers and lenses. In this configuration, 
the optoelectronic elements are positioned In a 
prescribed arrangement with substantially no need 
for additional adjustments. Thus, this technique has 
advantages such that the optical circuit components 
can be manufeu^tured at relatively lower costs. 

However, such conventional technique of solde- 
ring components to a photosensitive glass still has 
problems in terms of work efficiency and productiv- 
ity. Specifically, the soldering portions of the 
photosensitive glass base may be only etched or, for 
better quality, a thermal process may be added 
thereafter to produce a ceramic state. Thus, the 
types of solder than can be applied to this technique 
are limited to solders used for ceramic bonding. As a 
result, there is little flexibility In variation of the solder 
melting point. Further, ultrasonic oscillation must be 
additionally applied to achieve satisfactory soldering. 
Therefore, the wori< efficiency of assembling optical 
components becomes lower. Thus, the productivity 
of manufacturing the optical communication module 
Inevitably becomes lower. 

Figure 9 shows an optical circuit component 
manufactured by use of a conventional technique. In 
Figure 9, a photosensitive glass base 69 has the 
prescribed grooves thereon formed by accurate 
etching processes. An element 53 that incorporates 
opto-semiconductor elements and lenses is accur- 
ately fixed to the base 69. Specifksally, In this 
configuration, the element 53 can be attached to one 
of the grooves of the base 69 with substantially no 
need for additional adjustments. Thus, this tech- 
nique has been applied to manufacturing processes 
of optical components, such as an optical brancher/ 
coupler and a wavelength divlskjn multi/demulti- 
plexer. 

However, in the conventional configurafion. when 
the element 53 incorporates an element which 
generates heat, such as a semiconductor laser, a 
structural problem in heat radiation arises. Specifi- 
cally, in Figure 9, one end of a heat-radiating member 
70 is attached directly to the element 53. The other 
end of the member 70 is attached to a heat sink 71. 
In this configuration, stress occurs with respect to 
the base 69 and the element 53 when the member 70 
is fixed to the heat sink 71 . Moreover, the elasticity of 
the member 70 causes additional stress with respect 
to the base 69 and the element 53. The stresses may 
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cause the element 63 to deteriorate In optical and 
mechanical characteristics, such as by deviation of. 
the optical axis or other damage. 

Accordingly, one object of the present Invention is 
to provide an optical communication module sub- ' 
stantialty free from thermal stress-caused defects. 

Briefly, in accordance with one aspect of the 
present invention, there Is provided an optical 
communication apparatus comprising a first body 
secured to a second body, at least one optoelec- 
tronic component secured to the first body, and 
having a conducth/e lead, and a conductive member 
on said second body, characterised in the provision 
of an electrical conductor connected to said con- 
ductive lead and to said conductive member, said 
conductor having a rigidity less than that of said 
conductive lead. 

In order that the Invention may be more readily 
understood, it will now be described, by way of 
example only, with reference to the accompanying 
drawings, in Which:- 

Figure la Is a plan view illustrating a first 
embodiment according to the present inven- 
tion; 

Figure 1b is a cross-sectional view taken, 
along line A-A of Figure 1a; 

Figure 2a is a plan view illustrating a second 
embodiment according to the present inven- 
tion; 

Figure 2b Is a cross-sectional view taken 
abng line A-A of Figure 2a; 

Rgure 3a Is a plan view illustrating a third 
embodiment according to the present Inven- 
tion; 

Figure 3b Is a cross-sectional view taken 
along line A-A of Figure 3a; 

Figure 4 is a perspective view illustrating an 
essential part of a fourth embodiment accord- 
ing to the present invention ; 

Figure 5 Is a perspective view illustrating an 
essential part of a fifth embodiment according 
to the present invention; 

Figure 6. is a perspective view illustrating an 
essential part of a sixth embodiment according 
to the present invention; 

Figure 7a is a plan view illustrating a conven- 
tional wavelength division multi-demultiplexer 
transmitter/receiver ; 

Rgure 7b is a cross-sectionai view taken 
along line A-A of Figure 7a; 

Rgure 8 is a perspective view illustrating an 
essential part of another conventional wave- 
length division multi-demultiplexer transmitter/ 
receiver; and 

Rgure 9 is a perspective view illustrating an 
essential part of still another conventional 
wavelength division muiti-demuitiptexer trans- 
mitter/receiver. 
Referring now to the drawings, wherein like 
reference numerals designate identical or corre- 
sponding parts throughout the several views, and 
more particularly to Rgure 1 theeof, a first embodi- 
ment of this invention will be described. 

In Rgures 1a and lb. a light emitting diode (LED), 
a photo-diode (PD) 2 and an optical fiber 3 are 



united, respectively, with optical lenses 4a. 4b and 4c 
so as to form collimators. The collimators convert 
light emitted by the LED. and the optical fiber into 
collimated light beams and produce the same. The 
5 collinriators also receive collimated light beams and 
' focus the same on prescribed optical positions. The 
LED 1. the photo-diode 2 and the optical fiber 3 are 
fixed by soldering or the like to a first body 7 
together with a prism S having dielectric multilayered 
10 filters 5. They coincide with each other in terms of 
their optical axes. Leads 8a and 8b of the LED 1 and 
leads 9a and 9b of the photo-diode 2 are connected 
through gold wires 10 to electrode pads 11a, lib, 
11c and lid, respectively, on a second body in the 
15 form of a printed circuit board 12. The electrode 
pads 11a, lib, 11c and 11<f are connected, respec- 
tively, through printed lines to the terminals of a LED 
driver circuit 20 and a receiver circuit 21. In this case., 
the gold wires 10 are connected to provide a curved 
20 portion in the middle of each wire 10. 

Specifically, the gold wires 10 are about 25 ^m in 
diameter arid have a rigidity much smaller than that 
of the respective leads 8a, 8b. 9a and 9b. Thus, 
substantially all of the stresses produced by the 
25 difference in thermal expansion between the base 7 
and the printed circuit board 12 caused by changes 
of environmental temperatures are absort>ed by the 
curved portions of the gold wires 10. As a result, 
such stresses are substantially eliminated from the 
30 fixed portions of the LED 1 and the photo-diode 2. 
Therefore, the deterioration In optical couplirig 
characteristics caused by the shift In the positional 
relationships between the optical components can 
be avoided. Also the creep of the solder used for 
35 connecting the optical components is not accel- 
erated. Further, the curved portions of the gold wires 
10 can absorb vibrations. 

Figures 2a and 2b show a second embodiment of 
the present invention. In Figure 2a, electrode blocks 
40 13 and 14 made of ceramic or the tike are provided 
. between the LED 1 and the LED driver circuit 20, and 
also between the PD 2 and the signal processing 
circuit 21. The electrode blocks 13 and 14 have 
electrode patterns 15a, i5b. 15c, and 15d formed 
45 thereon, t^ads 8a, 8b. 9a and 9b of an LED 1 and the 
PD 2 are respectively connected to the electrode 
pattems 15a, 15b. 15c and 15d through gold wires 
10. In FIGURE 2b, the electrode pattern 15b extends 
so as to form a side electrode pattern 17b. The side 
50 electrode pattern 17b Is connected by soldering to 
one of terminals of the LED driver circuit 20 through 
a printed line 16b. 

In this embodiment, the heights of the electrode 
blocks 13 and 14 are substantially the same as those 
5? of the leads 8a and 8b of the LED 1 and the leads 9a 
and 9b of the PD 2. This facilitates the work of wire 
bonding which is usually performed under the 
microscope. Moreover, the gold wires 10 and the 
electrode pattems 15a. 15b. 15c and 15d are 
60 connected by the use of techniques such as thermal 
pressure bonding or ultrasonic wave pressure 
bonding. Thus, the adverse effects caused by the 
heat generated by soldering the electrode pattems 
17 and printed lines 16 can be significantly avoided. 
65 FIGURES 3a and 3b show a third embodiment of 
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the present Invention. In FIGURE 3a, a base 7 to 
which optical components are fixed is Incorporated 
in a case 19. Connection terminals 18a. 18b, 18c and 
18d are provided on the sidewalls of the case 19 and 
electrically Insulated each other. The heights of the 
connection terminals 18a, 18b. 18c and 18d are 
substantially the same as those of leads 8a, 8b, 9a 
and 9b of the LED 1 and the PD 2. The connection 
therebetween is achieved by the use of gold wires 
10. 

In this embodiment, substantially all of stresses 
produced by the difference of thermal expansion 
between the case 19 and the base 7 caused by 
changes of environmental temperatures are ab- 
sorbed by the curved portions of the gold wires 10. 
Thus, even when connection and disconnection with 
peripherical electron circuits are repeated, the 
deterioration In the optical coupling characteristics 
can be avoided. As a result, the work efficiency of 
manufacturing the module according to the present 
invention can be significantly enhanced. 

Next, a fourth embodiment according to the 
present invention will be described with reference to 
FIGURE 4. In the above-described embodiment, 
various optical components are accurately fixed by 
soldering directly to the flat base. However, in this 
embodiment, as shown in RGURE 4, a base 22 is 
made of photosensitive glass particulariy prepared 
by the chemical etching process. The glass base 22 
has grooves 23. 24. 25 and 26 formed by the use of a 
selective etching process. 

Specifically, only the portions of the base 22 on 
which the grooves are fomried are selectively 
exposed to ultraviolet rays, thermally processed, 
and etched. Further, the shaded portion, I.e., the 
entire upper surface of the base 22 is coated with a 
three-layer metal film 27. Othenvise. at least all the 
inner walis of the grooves must be coated with such 
metal film. The metal film 27 consists of three layers 
made of chromium (closest to the base surface), 
nickel and gold (top). The thickness of the gold layer 
is 2 [im at a minimum. Within the respective grooves 
23. 24. 25 and 26 coated with the metal film 27. 
optical components (not shown) are accurately fixed 
by soldering. Thus, such soldering can be achieved 
by use of the solder which is employed to connect 
conventional electric circuits. Naturally, the solder 
for glass or ceramics can also be used. As a result, 
the melting points of the solder to be used can be 
freely selected depended on the properties of the 
optical components to be fixed to the base. 

In addition, the use of the solder which is 
employed to connect conventional electric circuits 
can eliminate such a particular process as applica- 
tion of ultrasonic oscillation. Thus, the work effi- 
ciency of assembling optical components can be 
significantly enhanced. As a result, the productivity 
of manufacturing the optical circuit components can 
also be improved. 

FIGURE 5 shows a fifth embodiment according to 
the present invention. In FIGURE 5, an Isolation 
region 28 in which no metal film Is coated is provided 
on the part of the base 22, Thus, the portions to 
which optical components are fixed can be electri- 
cally insulated. The isolation region 28 is formed by 



the use of a masking technique. When the light 
emitting portion is Isolated from the light receiving 
portion, their high frequency characteristics are 
improved. As a result, a satisfactory electrical 

5 isolation can be achieved between the light-emitting 
and -receiving portions. Therefore, the use of this 
base can achieve a higher transmission speed. In 
addition, the electric potentials of the light-emitting 
and -receiving portions can be freely determined. 

10 Thus, peripheral electronic circuits can be easily 
mounted without limitation in terms of electric 
potentials. 

Next, a sixth embodiment according to the 
present invention will be described with reference to 

15 FIGURE 6. In FIGURE 6, a package 1 1ncorporates a 
LED or semiconductor laser and a colllmating lens. A 
photosensitive glass base 22 has a groove 25 
formed by accurate etching processes. The entire 
upper surface of the base 22 is coated with the same 

20 metal film as that in the fourth and fifth embodi- 
ments. A heat sink 29 is made of alumina plated with 
gold. The package 1 is accurately fixed within the 
groove 25 by soldering. 
The package 1 Is made of a material, such as an 

25 alloy of tungsten and copper, and Is satisfactorily 
thermally combined with the semiconductor laser 
chip. A heat-radiating member 30 is made of copper. 
One end of the member 30 is fixed to a portion close 
to a portion to which the package 1 is attached. The 

30 other end of the member 30 is fixed to the upper 
surface of the heat sink 29. Both ends are fixed by 
soldering. However, the soldered portions are not 
shown. In this configuration, heat generated from 
the semiconductor laser during operation is con- 

35 ducted to the heat sink 29 by way of the package 1 . 
the base 22. the heat-radiating member 30, and the 
solder therebetween. As a result, satisfactory heat 
radiation can be efficiently achieved without the 
occurence of stresses with respect to the package 1 

40 and the base 22. 

In this embodiment, the soldering process Is 
performed as follows. First, the base 22 is entirely 
heated, and the package 1 and the member 30, both 
being previously plated with solder, are attached 

45 simultaneously to the heated base 22. The solder 
between the base 22 and both the package 1 and the 
member 30 is melted, and the connection therebet- 
ween Is completed. The base 22. package 1 and the 
member 30 are thus united, and then accurately 

50 fixed to the heat sink 29 by soldering. 

Moreover, the connection of the base 22, package 
1. member 30 and heat sink 29 is achieved by 
soldering. However, this connection may also be 
achelved fay use of any other materials having a 

55 satisfactory thermal conductivity, such as polymer 
adhesive. I.e., epoxy resin, or the like, for example. 

Obviously, numerous additional modifications and 
variations of the present invention are possible in 
light of the above teachings. It is therefore to be 

60 understood that within the scope of the appended 
claims, the invention may be practiced otherwise 
than as specifically described herein. 
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maximum thickness of about 100 ^im. 



Claims 



1. An optical communication apparatus com- 
prising a first body (7. 22) secured to a second 
body (12. 19. 29), at least one optoelectronic 
component (1) secured to the first body and 
having a conductive lead (8b). and a conductive 
member (lib) on said second body, charac- 
terised in the provision of an electrical conduc- 
tor (10) connected to said conductive lead and 
to said conductive member, said conductor 
having a rigidity less than that of said conduc- 
tive lead. 

2. The apparatus of claim 1, characterised in 
that said conductor is a metal wire, ribbon or 
meshed wire. 

3. The apparatus of claim 2, characterised in 
that said conductor Is a wire of gold or 
aluminium or copper and has a maximum 
diameter of about 100 pjn. 

4. The apparatus of claim 2, characterised tn 
that said conductor is a ribbon or meshed wire 
of gold or aluminium or copper and has a 
maximum width of about 1 mm and has a 



5. The apparatus as claimed in any preceding 
claim, characterised in that the second body 
has a planar surface and the conductive 

5 member on the second body and the conduc- 

tive lead are positioned substantially equidis- 
tant from said planar surface. 

6. The apparatus as claimed in any preceding 
claim, characterised In that the component is 

10 located in a groove in the first body. 

7. The apparatus as claimed in claim 6, 
characterised In that the first body is of glass or 
ceramic with a metal film on the wall of the 
groove. 

IS 8. The apparatus as claimed in any preceding 

claim characterised in that the second body is a 
printed circuit board. 

9. The apparatus as claimed in any of the 
claims 1 to 7, characterised in that the first body 

20 has a heat sinlc secured thereto. 

10. The apparatus as claimed in claim 6. 
characterised in that a heat-radiating member is 
attached to the first body adjacent to the 
groove and to a. heat sink secured to the first 

25 body. 
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0 optical communication apparatus. 



@ An optical communication apparatus which com- 
prises a printed circuit board (12). plural circuit ele- 
ments (20, 21) fixed to the printed circuit board, the 
circuit elements having terminals (11a, lib) ex- 
tended to the printed circuit board, a photosensitive 
glass base (71) fixed to the printed circuit board, 
various optical components (1. 2) accurately fixed to 
the glass base, the optical elements respectively 




having plural leads (8a. 8b), and corresponding con- 
ductive members (10) for electrically connecting the 
terminals of the circuit elements (11a, lib) and the 
conresponding leads of the optical components, the 
conductive members each having a rigidity smaller 
than the rigidity of the corresponding leads of the 
optical components. 
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